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SMART
SMART is a strategic basic research project within the
long-term SIM MaRes program on “Materials from Solid
and Liquid Industrial Process Residues”. The project was
developed by the strategic research partners and a
plethora of Flemish companies:
OBJECTIVES
The project is the first ever in Flanders that is 100%
dedicated to finding zero-waste solutions for tailings, i.e.
the materials left over after the process of separating
the valuable fraction from the uneconomic fraction
(gangue) of an ore.
SMART aims to develop a generic toolbox for the
sustainable metal extraction from a wide variety of
both historical and fresh tailings, using combinations of
advanced hydro-metallurgical, solvo-metallurgical and
bio-metallurgical methods. After the metal extraction a
clean mineral residue is left behind.
Role of Ghent University
Research at Ghent University is based on a strong
experience in hydro-metallurgy and bio-metallurgy.
Screening of bio-molecules aims at the high yield and
selective extraction of valuable metals, while
controlling contaminants.
It makes use of advances in bio-, analytical and electro-
chemistry to extract, separate and purify metals from
low-concentrated streams. [1] Tailored process
engineering focusses on sustainable means to provide
adequate solutions for important businesses and future
raw material management.
Fe(III)OHx
Selective Bioleaching of Valuable Metals
Heterotrophic organisms can produce bio-molecules in a
green way to interact with target metals in substrate: [2]
• Organic acids act through their dual role as proton
donor in acetolysis and ligand for metal complexation,
• Inorganic salts to extract metallic nodes (Figure 1),
• Siderophores or large complexes found in nature to
transport metal cations in solution,
• Bio-surfactants to dissolve metals in micelles.
High yield and selectivity is obtained from careful
selection of the leaching conditions. Contact time, pH and
extractant concentration (Figure 2) play a critical role.
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Figure 2
Extraction efficiency of Mn and Zn 
by a siderophore type produced
from Pseudonomonas putida
Figure 3
Three-compartment electro-dialysis system for separation and concentration of both
metals and lixiviants from the bioleachte solution [3]
Figure 1
Schematic overview of biological production of extractants that
interact with target metals of a low-grade substrate
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Electrochemical Recovery Systems
Electricity-driven separation processes form a highly
compatible last step in hydrometallurgical recycling. It
allows coupling with bioleaching in a continuous mode
of operation. [2]
Concentration of the target metal is achieved by
electro-dialysis (Figure 3) with selective ion-exchange
membranes or through direct electro-deposition at the
cathode. At the anode, negatively charged lixiviant is
collected for re-use during consecutive leaching steps.
Recirculation of the leachate guarantees near 100 %
complete separation (Figure 4) against high current
efficiencies.
References
[1] J. Paulo Perez, K. Folens, K. Leus, F. Vanhaecke, P. Van Der Voort, G. Du Laing
(2019) Progress in hydrometallurgical technologies to recover critical raw materials
and precious metals from low-concentrated streams, Resources, Conservation &
Recycling, 142, 177-188.
[2] E. Curtin (1983) Microbial mining and metal recovery, Nature Biotechnology, 1(3),
228-235.
[3] X. Dominguez-Benetton, J. Chandrakant, G. Pozo, O. Modin, A. Ter Heijne, J.
Fransaer, K. Rabaey (2018) Metal recovery by microbial electro-metallurgy, Progress
in Materials Science, 94, 435-461.
[4] S. Maes, W.-Q. Zhuang, K. Rabaey, L. Alvarez-Cohen, T. Hennebel (2017)
Concimittant leaching and electrochemical extraction of Rare Earth Elements from
Monazite, Environmental Science & Technology, 51(3), 1654-1661.
0
250
500
750
1000
1250
1500
0 2 24
C
O
N
C
E
N
T
R
A
T
IO
N
 (
m
g
/L
)
TIME (h)
Zn
Fe
Figure 4
Concentration of Zn and 
Fe in the bioleachate
solution passing the
three-compartment
electro-dialysis system.
